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Using a peculiar version of the SU(3)l(8'U(1)7v electroweak model, we investigate the production 



of doubly charged Higgs boson at the Large Hadron Collider. Our results include branching ratio 



calculations for the doubly charged Higgs and for one of the neutral scalar bosons of the model. 
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I. INTRODUCTION 



In the last few years we have seen a tremendous experimental progress in the realm of the 
weak interactions. However, these advances do not attain the scalar sector yet. This is the 
sense in which LHC (Large Hadron Collider) facilities may shed some light especially on the 
Higgs boson. One of the main ingredients of the Standard Model is the Higgs mechanism 
which, in principle, explains how the particles gain masses through the introduction of an 
isodoublet scalar field. The scalar field is the responsible for the spontaneous breakdown of 
the gauge symmetry. After electroweak symmetry breaking, the interaction of this scalar 
with the gauge bosons and fermions generate the mass of the particles. In this process there 
remains a single neutral scalar, manifesting itself as the Higgs particle. 

The Standard Model possibly is a low energy effective theory which must be generalized 
by some GUT (Grand Unified Theory). However, there are several motivations to extend 
the electroweak theory below the GUT scale. Supersymmetric Models, for example, provide 
a solution to the hierarchy problem through the cancelation of the quadratic divergences via 
fermionic and bosonic loop contributions The Little Higgs Model, recently proposed, 
predicts that the Higgs boson is a pseudo-Goldstone boson of some approximate broken 
global symmetry Jj. Therefore, this model is also able to solve the naturalness problem of 
the Higgs mass. One of the main motivations for the Left-Right Models and for the study 
of their phenomenological consequences is that in which the Higgs triplet representation 
furnishes a seesaw type neutrino mass matrix associated with the presence of a doubly 
charged Higgs boson Therefore, these models suggest a route to understanding the 
pattern of the neutrino masses. 

Doubly charged Higgs bosons appear in several popular extensions of the Standard Model 
such as left-right symmetric models 0] and Higgs triplet models [4]. However, there is 
another interesting class of electroweak models which also predict particles like that. This 
class of models is called 3-3-1 Models 0, 0]. This is the simplest chiral extension of the 
Standard Model. It is able to solve the fermion family's replication problem through of a 
simple relation between the number of colors and the anomaly cancelation mechanism. It is 
important to notice that a solution to this problem is not furnished even in the context of the 
GUTs. The 3-3-1 Models have other interesting features, as for example the upper bound 
on the Weinberg mixing angle, through the relation siv? 6\y < 1/4. This feature does not 



2 



happen in any kind of others electroweak models except GUTs, where the value of sin^ 6w is 
predicted. This result leads to an upper bound for the energy scale of the model when this 
parameter is evolved to high values |7|. In a similar fashion as occurs in Left-Right Model, 
;he seesaw mechanism can be naturally incorporated in some versions of the 3-3-1 Models 



No Higgs bosons have yet been found. In the meantime, it is the last brick that is lacking 
to finish the construction of the building of the standard electroweak theory. Besides, it is 
possible that the Higgs sector brings to light a non standard physics. 

Since that the 3-3-1 Models are good candidates for physics beyond the Standard Model, 
it is interesting to evaluate if the future accelerators will produce events in sufficient numbers 
to detect some of the 3-3-1 Higgs bosons. In particular, there is an increasing interest in the 
phenomenology associated with doubly charged Higgs bosons, a kind that appears in models 
that admit scalars in triplet representation of the gauge group j^. Here we are interested 
in one of such version of the 3-3-1 Models for which the scalar fields come only in triplet 
representation 0, 0]. It predicts three new neutrals, four single charged and two doubly 
charged Higgs bosons. These scalars can be disclosed in relatively low energies, which make 
them interesting for searches in the next generation of particle accelerators. 

Our work is organized as follows. In Sec. |H]we summarize the relevant features of the 
model, in Sec. IIIII we present the cross-section calculations and in Sec. IIVI we give our 
conclusions. 

II. OVERVIEW OF THE MODEL 

The underlying electroweak symmetry group is SU(3)i(S)U(l)Ar, where is the quantum 
number of the U(l) group. Therefore, the left-handed lepton matter content is ^ u'^ i'^ L'^ j 
transforming as (3,0), where a = e,/i, r is a family index (we are using primes for the 
interaction eigenstates). L'^^ are lepton fields which can be the charge conjugates i'^j^'" 
the antineutrinos u'^f loj or heavy leptons {P^^ = E'+,M'+,T'+) Q. 

The model of Ref. j6| has the simplest scalar sector for 3-3-1 Models. In this version the 
charge operator is given by 

Q 

e 2 

where A3 and As are the diagonal Gell-Mann matrices and e is the elementary electric charge. 



^ (A3 - VsXs) + N, (1) 
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The right-handed charged leptons are introduced in singlet representation of SU(3)l as 
Ck~(1,-1) andP:+~(l,l). 



The quark sector is given by 



Q 



IL 



3, 



Q 



aL 



3*,-- 



(2) 



where a = 2,3, Ji and Jq, are exotic quarks with electric charge | and — | respectively. It 
must be notice that the first quark family transforms differently from the two others under 
the gauge group, which is essential for the anomaly cancelation mechanism j^. 
The physical fermionic eigenstates rise by the transformations 



L,R, 



D' 



L,R 



_ r>L,R p+ 
V'^'^'DrR, 



J'r 



L,R 



J 'Jl,r, 



(3a) 
(3b) 



where Ul,r = (u cA , Dl^r = ( d s b) , Jl,r = ( Ji J2 J3) and A^'^, B^'^, 

\ / L,R \ / L,R V / L,R 

]jL,R^ DL,r^ jL,R g^j^g arbitrary mixing matrices. 

The minimal scalar sector contains the three scalar triplets 



/ ^0 \ 

Til 



(3,0), p 



VP-/ 



(3,1) 



X 



X 
X 



(3,-1). (4) 



The most general, gauge invariant and renormalizable Higgs potential, which conserves the 
leptobaryon number is 

y iv, P, X) = pWv + pIp^P + pIx\ + Ai {rfriY + A2 (pV)^ + ^3 {x\Y + 



+ [v'^rj) [A4 (pV) + As (x^x)] + Ae (pV) (x^x) + A7 [p^rj] W p) + 
+A8 (x^^) (^^X) + Ag (p^x) (xV) + 77 {fe''%PjXk + H. c.) 



(5) 



The neutral components of the scalars triplets Q develop non zero vacuum spectation values 
(?7°) = Vr,, (p°) = Vp and = v^, with + = v'^y = (246 GeV)^. This mechanism 
generate the fermion and gauge boson masses The pattern of symmetry breaking is 

SU(3)^ ® U(l)^ ^ SU(2)^ ® \J{l)y M U(l)^^. Therefore, we can expect > Vrj,Vp. 
In the potential (0) / and pj (j = 1, 2, 3) are constants with dimension of mass and the Aj 



(i = 1, . . . , 9) are adimensional constants with A3 < and / < from the positivity of the 
scalar masses The t] and p scalar triplets give masses to the ordinary fermions and 

gauge bosons, while the x scalar triplet gives masses to the new fermion and gauge bosons. 



121. For 



In this work we are using the eigenstates and masses fsee Appendix^ of the Ref. 
others analysis of the 3-3-1 Higgs potential see Ref. [l3[. 

Symmetry breaking is initiated when the scalar neutral fields are shifted as = + + 
with {p = rp, p°, Thus, the physical neutral scalar eigenstates ifj, and /i° 
are related to the shifted fields as 

\ / rrO \ 

^ Hi Cx ^ (6a) 




and in the charged scalar sector we have 



7]^ = SujH^, 1]^ = s^H^, p+ = CujHl, (6b) 
X^ = c^H+, p++ = s^H++, x^^ = c^H+^, (6c) 



with the condition that ^ Vr,, Vp in Eqs. (IHajl and c^; = coscu = f^/ ^Jv'^ + v^, Suj = sin a;. 



C0 = COS0 = Vp/ ^v^ S0 = sin0, c<^ = cosy? = Vr,/ ^Jv"^ + v'^, = sirup. The Higgs 
boson in Eq. (jUaj) can be the standard model scalar boson, since its mass (see Appendix |B|) 
has no dependence on the spectation value jl2i] . 

The Yukawa interactions for leptons and quarks are, respectively, 

-Ci = GabipaJ'bRp + G'abipaLPmX + H. c, (7a) 



GmnV + G'Ap + J2 Q0.L [KArP* + FtMnV*) 



+G'QilJirX + E GUQcArX* + H. c. (7b) 

In Eqs. ((Tj), as before mentioned a,b = e, p,T and a = 2,3. 

Beyond the standard particles 7, Z and the model predicts, in the gauge sector, one 
neutral {Z'), two single charged (V^) and two double charged (f/^^) gauge bosons. The 
interactions between the gauge and Higgs bosons are given by the covariant derivative 

Dpipi = d^cpi -ig [W^.^] - ig'N^ifiBp, (8) 
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where A^^ are the U(l) charges for the if Higgs triplets {ip = ri,p,x)- and -B^ are field 
tensors of SU(2) and U(l), respectively, A are Gell-Mann matrices and g and g' are coupling 
constants for SU(2) and U(l), respectively. 

Introducing the eigenstates Q and © in the Lagrangeans ((Tj) we obtain the Yukawa 
interactions as function of the physical eigenstates, i. e., 



U- [c^VlC'Ht + {vp + s^H^ - c^H^) e- + s^P+U'^'H^^] M'GRe- + 
+ — [c^vV^'H^ + c^FV^^i/— + {v^ + Hi + ih"^) P+] M^GrpA + 



+H. c. 

+DGr 
+ UGr 
+ DGr 



R 



1 + 



+ 



iVri 



Vr, Vr. 



Vr, 



Hi 



(9a) 



iVrj 



Hi 



— v^CKM-ni + 



Vr 



M"f/l +H. c. 



-jCj = 1 [JGrJ^^ [AfU^AP'U + nV^M'^D) + 

+ (UU^^Xi + 'DV^^X2 + IJ^^Xq) J^M-^GrJ] + H. c. 



(9b) 



(9c) 



where Gr = 1 + 75, V^V^ = Vckm, the Cabibbo-Kobayashi-Maskawa mixing matrix, W^^, 
yPe^ V'-P, V" = V^AV^\ = V^f AVf and V""^ = V^AV^^^ are arbitrary mixing ma- 



m„ rric rut , 



trices, M"^ = diag ^ m-e j , = diag (^tue rnu rnx^, = diag 

M'^ = diag ^ mfe j and M-^ = diag ^ m m mjg j • In Eq. we have defined 



AT 



7^ 



^S^H+fVr, ^ 

s^H— /vp s^H-- /vp 
y s^H~'/vp s^H~'/vpJ 

\ 



Xn 



Hi + i/iO 



'^l 0^ 



1 1 
1 1 



(10a) 



s<pH++/vp 











S^H^ /Ur, S^H^ /Vr, 

S^H^/Vri S^H^/Vri J 



( 



Xi 





c^H++ c^H 

y c^H++ c^H++ J 

C4,H" 
X, = — 




(10b) 



CU1H2 Ci_jH2 



\ 



CU1H2 C^H2 



(10c) 



We call attention to the fact that non standard field interactions violate leptonic number, 
as can be seen from the Lagrangians ((Tj) and (jHl). However the total leptonic number is 
conserved M. 



III. CROSS SECTION PRODUCTION 



The main mechanism for the production of Higgs particles in pp collisions occurs through 
the mechanism of Drell-Yan and gluon-gluon fusion as shown in Fig. ^ In all calculations 
we are considering that the charged fermionic mixing matrices [see Eqs. dH}] are diagonals. 
Using the interaction Lagrangians (0) and Q we first evaluate the differential cross section 

for the Drell-Yan process, i. e., pp H^^H through the exchange of 7, Z, Z', Hf and 


2 

da 



Ho in the s-channel. Therefore we obtain the differential cross section for this reaction as 



dn 6Att^s 



M 



M 



Hi 



\Mzf+\Mz'f +2ReMHoMH{) 



where 




da 


(3h±± 


dcos9 


24 















' KaQq 
sin 



w 



{s - 2ml) ^ ~ 4"^H±± + 2"^g) - {i - u) 



[8 (mj + m^±±) - 4m - 4t] + 



rrir 



'z[Z') + ^'rnz{z')^z{z')^ 
+8m^.. (2m/ -i-u) [gf^' + gf'^') + SmJ [gf^' + gf'^') + 
-8ml {i + u) + gf^') + Smlsgf'^' + 2 {i + u)' [gf^" + gf'^") + 

-2f [gf'^\ gf'^') _ . 

Here, is the CM (center of mass) energy of the qq system. For the Standard Model 
parameters we assume PDG values, i. e., mz = 91.19 GeV, sin^ 9w = 0.2315, and mw = 
80.33 GeV Q. Tz(z') are the total width of the boson Z{Z') HQ. The velocity of the 
Higgs in the CM of the process is denoted through (3h±±. The Aj {i = 1,2) are the vertex 
strengths for H^H H^^ and H^^, respectively, while A^^ is one for jH 

and the ^z{z')^ is for the bosons Z {Z') H The analytical expressions for these 

vertex strengths are 

Ai = -2i {2 [(Ae + Ag) cj + (2A2 + Ag) s^Vp + [2 (AgcJ + Vr^+ 



'111 



A, 



-fc4>S4,]} , 

ic^ {2 [(-As + Ae + Ag) + 2 (2A2 - A4 - Ag) s^] + fc^s^] , 



A 



7/i 



Az^ 



— e 



4 sin^ [vl - w^) - ^2 



Azv = 



4 (-u^ + v^) sin ^14/ cos 6'v 

(10 sin^ ew-l)v^^ + {l-7 sin^ ^^k) 



4 + -t;2) sin Ow^^ cos^ (l - 4 sin^ ^vk) 



(12a) 

(12b) 
(12c) 

(12d) 
(12e) 



The Higgs parameters Aj (i = 1 . . . 9) must run from —3 to +3 in order to allow perturbative 
calculations. For {a — 2, 3) we take mno — (0.2 — 3.0) TeV, while we assume m^o = 230 
GeV for the standard model scalar one. It must be notice that here there is no contribution 
from the interference between the scalar particle and a vectorial one (7, Z or Z') . The 
kinematic invariant t and u are, 



4m^ 

1 -cos^a/I 



1 - 



u 



2 I 2 



s 
2 



1 + cos6'\/ 1 



1 - 



(13a) 

(13b) 



The total cross section (cr) for the process pp 
(a) of the subprocess qq — > H^^H through 

where Tmi. 



H^^H is related to the cross section 



^= E / / drdy UiV^ey) fg^{^e-y)a{T,s), 

^ ». J ^ „ *^ Tm.ir). *^ ln \lTm.i.n. 



(14) 



qi=u,d,s,c 

s/s and /^i and fqi are the structure functions of the quark and antiquark in 
the proton, for which the factorization scale is taken equal to the center of mass energy of 
the qq system and used in our numerical calculations. 

Another form to produce a pair of doubly charged Higgs is via the gluon-gluon fusion 
through the reaction gg — > H'^^H (see Fig. lb). As the final state is neutral, the s- 
channel involves the exchange of the three neutral Higgs H^, H2 and H^. The exchange of a 
photon is not allowed by C conservation (Furry's theorem). Therefore, the differential cross 
section for gluon-gluon fusion can be expressed by 

1 



da 

dn 



Mho 



+ 



Mm 



+ 



Mho 



+ 



647r2s 

+2 (^ReMHoM*„o + ReMHoM*jjo + ReM^^^M^ 



(15) 
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In order to make explicit the different contributions to the elementary cross section, we 
will present them separately. The quark-loop contributions involve the Higgs Hi, where 
i = 1, 2, 3, which are exchanged in the s-channel. For the we have 



81927r3 
—271 m^Xq In 







2 




+ s 









[2 + (4A,-1)/, 



In^ / "^^^ 



TT 



(16) 



We fix the scale parameter A = 0.2 GeV and the appropriate scale where the strong coupling 
constant as is evaluated as being equal to the center of mass energy of the subprocess, both, 
used in our numerical calculations. The sums in Eq. run over all generations where 
Xq = m^/s and r±q = 1 ± 1^1 — 4Ag. The Ag^ is the qqH^ vertex strength. 



A 



91 



2vw 



-Gr. 



We also define the propagator for Higgs bosons. 



C»(i) 



(17) 



(18) 



where Tj^o are the total width of the H? and ifg boson, with z = 1 for g = m, c, t, d, s, b and 
i = 2 for u{c,t) or d{s,b), separately The Eq. (|TH|l defines also the propagator for 
with i = 3. However, does not contribute to the Drell-Yan process. 
For the Higgs H2 we have 



J2KK [2 + (4A,-l)/, 



Vr, Vo 



+ m; 



+ 



1 I ' 



2 



(19) 



where Ag^ is the strength of the qqH2 vertex, i. e.: 



A 



92 



2vw 



Gr rriu— + nid- 



(20) 



The contribution of to the cross-section is 



H++ 



81927r3 



[a2As\C^'^\\ 



J2 Aj,Xj[2 + iAXj-l)Ij 
j= Ji, J2, 



(21) 



where Aj3 describe the quark vertex with the Higgs and A3 for the with H^^, i. e., 

Aj3 = -^^Gr, (22a) 
A3 = -2iv^ [(Ae - Ag) 4 + (2A3 + Ag) 4] . (22b) 

We note that decays only into exotic leptons and quarks because it becomes massive at 
the first symmetry breaking. Therefore, the total width is obtained from 



r ^ all) = r°^,-^ + T%j^ + tIj^ + 3r°,,p, + r^o^o + r°^,^,+ 

^^HtH^ + ^HtH^ + r°^Tj;±±, (23) 

where F^y = F {H^ —>■ XY). The partial widths are show in the Appendix 1X1 

The total width of the decay of the Higgs H^^ in quarks, leptons, standard 
charged gauge boson and charged Higgs (VT^if^), single charged Higgs [H^H^), dou- 
bly charged gauge bosons and a photon (f/=''^7), doubly charged bosons and Higgs 
{U^^h^, U^^H^, U^^Hl U^^Hl), doubly charged bosons and Z or Z' {U^^Z, U^^Z'), and 
charged extra gauge boson and Higgs (V^H^) is given by 

F {H^^ all) = Fg^^^^^ + F£,,,,3 + rg^^^^^^ + T%,, + T%%^ + T%t^^ + T^t.,+ 
_i_P±± _|_ p±± _|_ p±± _|_ p±± _|_ p±± _|_ p±± _|_ 

with F^y = F (i/^^ ^ Xy) (see Appendix 1X1 for the partial widths). 
The contribution for the interference of the iff and H2 is given by 

d^HO-HO _ ^ a^A,A,A,,A,,C(^^ (g) K^^^^ffcrfc^ 2, 
+^^^4^M2 + (4A-l)/,]|x 



1^ — v^'-'^'^'^^'^^J^ 

^Ac; [2 + (4A^ - 1) I J - [2 + (4A^ - 1) J,J 

_ Up 



(26) 



where e^''^ are the polarizations, /ci,2 are the gluon momentum vectors, rriq^ are the masses 
of the u, c, t quarks (5 MeV, 1.5 GeV and 175 GeV respectively), m^^ are the masses of the 
d, s, b quarks (9 MeV, 150 MeV and 5 GeV respectively) [l^, A is referred to all quarks and 
Xu for the quark u, c, t and Xd for d, s, b respectively and eaf_iui3 is the antisymmetric tensor. 
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The contribution for the interference of and gives 



2567r2 



x<^f?iiA[2 + (4A-l)J,]- 



i2 r ' 



A [2 + (4A - 1) Q X 

1 



(27) 



and finally we have the following for the H2 and 



darjo 



atA2A,A,,A,,(('^ is) (('^ (s) da^ysie^'M 



2567r2 



-A [2 + 4 (4A - 1) Jq] X 



pa ph 



-^A,[2 + (4A,-1)/,J 



^A, [2 + (4A„-l)/,J + 



(28) 



The loop integrals involved in the evaluation of the elementary cross section can be expressed 
in terms of the function Iq (Ag) = Iq which is defined through 



dx 



In 



1 - 



{1 — x)x 



1 I -4arcsin2 [l/ (2^)] , A, > 1/4, 

2 I [In {r+q/r^q) + 2m] In [r+q/r^q] - tt^, A, < 1/4. 



(29) 



Here, q stands for the quarks running in the loop (Fig. ^). 

The total cross section (a) for the process pp ^ gg ^ H is related to the total 

cross section (a) through the subprocess gg — >• H if^^, i. e. 

»1 n-ln ^Tmin 

n ^ In \/'^min 

where G{x, Q"^) is the gluon structure function, for which the factorization scale is taken 



a 



drdyG (v^e^ Q^) G {V^e-\ Q^) a (r, s) , 



(30) 



equal to the center of mass energy of the subprocess and used in our numerical calculations. 



IV. RESULTS AND CONCLUSIONS 

In this work we have calculated the pair production of doubly charged Higgs by computing 
the contributions due the Drell-Yan and quark loop processes. In Sec. IIIII we have given 
the analytical expressions that allow the numerical evaluations of these contributions and it 
was showed that the dominant contribution come from the well known Drell-Yan process. 
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We have presented the cross section for the process pp H H~^^ involving the Drell-Yan 
mechanism and the gluon-gluon fusion, to produce such Higgs bosons at the LHC (14 TeV). 

Taking into account that the masses of the gauge bosons, Higgs and some other parame- 
ters must satisfy the hmits imposed by the model (see Sec. IHI), besides the approximations 
in the calculations of masses (Appendix^ and eigenstates (Sec. inj given in Ref. jl^ . 
we have considered two possibilities: / ~ and / = —99.67 GeV (see Table H}. For 
both possibilities we have assumed the values Vr^ = 195 GeV, = 1300 GeV, Ai = —1.2, 
— A2 = —A3 = Ag = —As = 1, A4 = 2.98, A5 = —1.57, A7 = —3, but for Ag we have used 
Ag = -1 when / ^ and Ag = -1.9 when / = -99.67 GeV. 



TABLE I: Approximated values of the masses (see Appendix^ used in this work. All the values 
in this table are given in GeV. 



/ 


niE 


rriM 








rriTjo 

-"3 








my 


mu 


niz' 








PS 
-99.67 


194 


1138 


2600 


874 


1322 


2600 



520 


426 
218 


1315 
1295 


603 


601 


2220 


1300 


1833 


1833 



The masses of the exotic bosons in Table H] are in accordance with the estimated values 
of CDF and DO experiments, which probe their masses in the range from 500 GeV to 800 
GeV [17], while the reach of the LHC will be in the range 1 TeV < m^/ < 5 TeV jlS^ . 

In Fig. 12 "we show the cross section for the process pp — > H^^H for f — GeV. 
Considering that the expected integrated luminosity for the LHC will be of order of 3 x 10^ 
pb^^/yr then the statistics give a total of ~ 2 x 10^ events per year for Drell-Yan and ~ 0.2 
events per year for gluon-gluon fusion, for m/^± = 1309 GeV. 



TABLE IL Branching ratios for the decay with rriffo = 2600 GeV. The notation used in this 
table is BR^j^y = BR {H^ ^ XY) . 



f (GeV) 


10-5 X 


10-8 X BRl^^_ 








« 


3.35 


2 


No 


0.9999 


2 X IQ-'^ 2 X 10-^ 


-99.67 


3.14 


4 


4 X 10-^ 







In Fig. El we show the results for the same process when / = —99.67 GeV. This value 
was calculated considering the exotic boson masses in the range from 500 GeV to 800 GeV 
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and Vr) having a minimum value of 194.2 GeV, which assure the vahies of the Aj between 
—3 to +3, so we obtain the mass of the doubly charged Higgs, i. e., m//++ = 1780 GeV. 
Considering the same integrated luminosity as above this gives a total of 585 events per 
year for Drell-Yan and 0.13 events per year for gluon-gluon fusion. We present in Table HTl 
the branching ratios for all with / — and / = —99.67 GeV and we can observe 

that, due to the coupling constant, the largest width corresponds to H^H2 decay. 

In Table UTTl we present the branching ratios for H^^ all. From Table UTTl it can also be 

TABLE III: Branching ratio for the H^^ decay with mH±± = 1308 GeV. Here BR^"^ = 10'^ x 
BR{H^^ XY). 



f (GeV) 


BRi^ 

Jiq 




BR^-M- 








« 


0.001 


0.08 


0.005 


3 


6 


29 


-99.67 


2 


0.001 


0.004 


0.4 


4 


2 


/ (GeV) 










BR^t±z 


BRu±±hO 


« 


No 


19 


No 


No 


444 


2 


-99.67 


0.09 


13 


329 


6 


146 


0.5 



noticed that, as the branching ratio(BR) for — > H^H^ and H^^ — >■ U^^Z, 7 are large, 
these channels could lead to some interesting signal. 

We emphasize that the window for varying the free parameters is small because of the 
constraints imposed on the model. In summary, the analysis of the values in Tables lU UTl 
and mil show that, although a large number of doubly charged Higgs can be produced by 
the Drell Yan mechanism, the decays of these particles into ordinary quarks and leptons do 
not lead to a good signature for its detection even for energies which the LHC can reach. 
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APPENDIX A: PARTIAL WIDTHS 

In this Appendix we present the partial widths for Higgs decays from the Eqs. 
(EH). We define 

R{a,b; x) = ]^g^^3/2 V^t^ ~ + ^bf'i ~ ~ "^fe)^] 
and we obtain the partial widths for H^, with i/i = 171^0 as 



J iJi 



3R [Ji, Jf, s) (^^^ (mlo - 2m 



i P+P 



m-jjo — 2mp I , 



^horo = ^ {^1, H^; s) [4 (A5 - Ae) c^VpV^ + f (c^Vr, - s^Vp)y 

^H-H+ = ^ i^l^ ^2'^ [{Xq - A5) C^VpV^ + f {s^Vp - C^Vr,)] , 



4 

5- ^: 



r2,__^++ = 4t;^i? {H^^, H^^- s) [(Ae + Ag) 4 + (2A3 + Ag) cj] , 

where F^^^y = F (ifg — > XF). Finally we present the partial widths for the H~ 
with ^/s = mH++, 



3R{Ji,q;s) 



[m 



H++ ~ ""^Ji ~ ^d,s,b) ) 



,s,b) 



J2,3<lu,c,t 

F++ 

^ e-p- 

F++ 

^ e+P+ 

F++ 



3R{J2,3,q] s) 



qv.,c,t SP 



R (e, P; s) / rripS 



,2 ™2 \ 



R (e, P; s) / rripQ 



— — j [mH++ - - nip) , 



R{W,H^;s) / ec^c^ \ 



32 



sin Ow'mw J 



X < [m 



F+1 = R {H^, H^; s) { [{Xr + Ag) si + (A7 + Ag) cl] s^s^+ 



and 



(Al) 

(A2a) 

(A2b) 

(A2c) 
(A2d) 
(A2e) 
(A2f) 

(A2g) 
(A2h) 
decays, 

(A3a) 
(A3b) 

(A3c) 

(A3d) 
(A3e) 

(A3f) 
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P++ 



^ U—RO 



r++ 



U—Hl 



U—Hl 



V 



U--Z 



(As - A,,) c^i'oCi, + f-s^,s^ 



^_ / mt/++ Y 

2 



R{U—,H^;s) / ec^v^ 

32 \mu++vw sin 9w , 



R{U-,Hl;s) / 

32 V m;7++fvK sm6'vi/ 



ec^Vp 



X 



32 



ec„ 



mi7++ sin OyY 



R{U~~,Z-s) 



cos 9 



X 



5 + 



(?^|++ - + ml++ {mlj++ - 2m^++) 



2m^++m| 







R{U—,Z';s) 


eVrjV-^ (lOsin^ 9w 


-1) 


^' 12 (sin^ 


9w-l) {4:sm^9w-l) 


sin^ 9w 




X 


5 + 


(^|++ -ml,y + mlj++ 


- 2m|++) 









X 



r++ 

v-h: 



\vwsin9w 
X I - rriyY + m^o 

Here, r++ = T (H++ XY). 



X 



^1+ 



- 2 (m^++ + ml 



)]}■ 



(A3g) 
(A3h) 



(A3i) 



-2(m^+++m2^++)]}, (A3j) 



m^o - 2 (m^++ + m^++ ) ] } , ( A3k) 



(A31) 



(A3m) 



(A3n) 
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APPENDIX B: 3-3-1 PARTICLE MASSES 



In this Appendix we present the expressions of gauge, Higgs boson and fermion masses 
predicted in 3-3-1 energy scale in terms of the VEVs and the parameters of the potential. 

2" 



<o - 4 : \ ml, ^ ml, ^ -AX.vl (Bla) 



mrj± 



^A2< - 2Xiv: 



1 V — V 2 



V ~ X 







m^± = 




ml±± 




\%' + 
1 


X ^2 



(Bib) 



(/^P - 2A8t;^t;x) ' '^h±± = -7^ if'^v - '^^9VpV^) , (Blc) 



2 _ 1 fevwV ^2 _f e VvJ + vl 2 _f e V vj + v^ 



,2 _ / \^ 1 _2 _ /6'^x^^ 2 (1 - 



^ 2(1-5^.)' ^ V^H/y 3(1-45^,) ^ ' 



In the calculations of the Ref. [1^ the following conditions in imposed: 



A,«2^4^. V.5 + 2V.= «-^. (B2) 



From the Lagrangean (j9a|) we can see that me,mp,mr oc and mE,m,M,^T oc f^- Con- 
cerning the ordinary quarks the masses can be obtained from the Lagrangean ()9b|) taking 
into account mu -C mc -C and <^ ^ m^. Therefore, we have 



m„ = — — , mr 



G2VP + GsVrj ' ■ ■ " G^Vr, + GlVp 



mt = GiVrj + G2VP, (B3a) 



G2Vr, + GsVp GiVp + GiVr^ 

and from the Lagrangean the heavy quark masses are mj^, mj^^mj.^ oc v^. In Eqs. flB3|) 
the parameters q = u,c, t, d, s, b and /5 = 1, 2, 3, 4 are functions of the Yukawa couplings. 
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FIG. 1: Feynman diagrams for production of doubly charged Higgs bosons via (a) Drell-Yan 
process, where X = 'y, Z, Z' , H^,H2 and (b) gluon-gluon fusion. 
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'I Q — 7 I ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

200 500 «500 //OO /400 /700 

M(GeV) 

FIG. 2: Total cross section for the process pp — *■ H 7/++ as a function of m}j±± for / = GeV 
at ^/s = 14000 GeV for Drell-Yan (solid line) and Gluon-Gluon fusion (dot-dash line). 
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FIG. 3: Total cross section for the process pp ^ H as a function of m^±± for / = 

GeV at ^/s = 14000 GeV for Drell- Yan (solid line) and Gluon-Gluon fusion (dot-dash line). 



20 



